[1] The main goal of this study is to help bridge the gap between available remote sensing products and large-scale global climate models. We present results from the application of an inversion method conducted using both MODerate resolution Imaging Spectroradiometer (MODIS) and Multiangle Imaging SpectroRadiometer (MISR) derived broadband visible and near-infrared surface albedo products. This contribution is an extension of earlier efforts to optimally retrieve land surface fluxes and associated two-stream model parameters . It addresses complex geophysical scenarios involving snow occurrence in mid and high-latitude evergreen and deciduous forest canopy systems. The detection of snow during the winter and spring seasons is based on the MODIS snow product. This information is used by our package to adapt the prior values, specifically the maximum likelihood and width of the 2-D probability density functions (PDF) characterizing the background conditions of the forest floor. Our results (delivered as a Gaussian approximation of the PDFs of the retrieved model parameter values and radiant fluxes) illustrate the capability of the inversion package to retrieve meaningful land vegetation fluxes and associated model parameters during the year, despite the rather high temporal variability in the input products, in large part due to the occurrence of snow events. As a matter of fact, most of this temporal variability, as well as the small differences between the MODIS and MISR broadband albedos, appear to be largely captured by the albedo of the forest canopy background. 
Introduction
[2] An accurate knowledge of the land processes controlling the partition of solar radiant flux between the vegetation and the underlying soil layer is required to improve simulations of the soil-vegetation-atmosphere exchanges at various space and timescales of interest for climate, numerical weather prediction as well as carbon cycle models [e.g., Pitman, 2003 ]. The energy absorbed in the vegetation layer is used to drive processes such as evapotranspiration, photosynthesis and carbon assimilation, while the remaining fraction available in the underlying soil controls evaporation, snowmelting and temperature related processes [e.g., Dickinson, 1983; Avissar and Verstraete, 1990; Sellers et al., 1997; Viterbo and Betts, 1999] . All these processes are ultimately linked to fluxes such as the latent and sensible heat fluxes at the top of the vegetation canopy and the ground heat flux. The relevance of these fluxes with respect to various geophysical issues largely depend on space and timescales of concern [e.g., Verstraete, 1989; Betts, 2007] .
[3] Monitoring the environment at a continental or global scale, over periods of multiple years, requires access to reliable and accurate geophysical quantities and satellite remote sensing is the only technology currently available to provide consistent data at these scales. These quantities include the fraction of the radiant flux scattered by the surface at the top of the canopy, and in particular the albedo in the broadband visible (0.3 -0.7 mm) and near-infrared (0.7 -3.0 mm) spectral domains. These estimates, provided at various spatial resolutions, are thus fully relevant to applications requiring an accurate and precise understanding and/or simulations of the surface energy balance at the surface upper boundary condition, irrespective of whether this step is achieved via a process-based radiation transfer scheme [Dickinson et al., 1986; Sellers, 1985] or a look-uptable based approach.
[4] In any case, land surface radiation transfer schemes are needed to partition the solar radiation between the vegetation and soil as a function of parameters such as the amount, density and optical properties of leaves, as well as the properties of the topsoil/background layer. The accuracy of the solutions to this radiation partitioning problem depends on the performance of the selected radiation transfer scheme, the availability of input remote sensing flux products and the quality of the retrieval procedure which makes optimal use of the available prior information. Such a retrieval procedure has been devised and its performance is documented in detail in Pinty et al. [2007] and Lavergne et al. [2006] . Evidence has been collected from simulation and inversion exercises, as well as a set of applications performed over selected midlatitude Earth Observing System (EOS) validation sites. These applications exploit operational surface albedo products from the MODerate resolution Imaging Spectroradiometer (MODIS) [Schaaf et al., 2002] , the Multiangle Imaging SpectroRadiometer (MISR) ] on board the Terra platform and the Fraction of Absorbed Photosynthetically Active Radiation (FAPAR) product derived from the Sea-viewing Wide Field-of-view Sensor (SeaWiFS) [Gobron et al., 2006] .
[5] This paper capitalizes on results from previous studies, as discussed in , and more specifically addresses the issue of the partitioning of solar radiation between the vegetation and soil layers in the more difficult but rather relevant case of tall spatially heterogeneous (3-D) forest canopies subject to significant changes in their background properties as a result, for instance, of the occurrence of snow in the winter and spring seasons. Such geophysical situations are quite challenging because most forest canopies exhibit a significant and unresolved internal variability (along the horizontal and vertical directions) of their properties such as, for instance, the leaf area density. Furthermore, the occurrence and melting of snow implies drastic changes in the radiative properties of the background. Meanwhile, these changes offer challenging conditions to further test the Joint Research Centre Two-stream Inversion Package (JRC-TIP) given that the main properties of the vegetation layer are expected to exhibit small (for environment dominated by evergreen forests) or smooth variations during the year (in the case of deciduous systems), unlike the albedo products which are quite sensitive to these drastic changes occurring on the forest floor.
[6] Section 2 reviews the four main elements required to achieve the proposed application, namely 1) the forward radiation transfer model, 2) the inversion methodology, 3) the remote sensing surface albedo data sets and 4) the specification of prior information. Results from a series of applications are shown and discussed in section 3. Time series of the vegetation canopy parameters and associated radiant fluxes estimated over different forest systems from the JRC-TIP are first presented in section 3.1. Our retrieved FAPAR values are then compared in section 3.2 with those available operationally from various agencies. Finally, the consequences of the differences in the MODIS and MISR surface albedo products on the surface retrievals are assessed in section 3.3.
Summary of the Inversion Scheme

The Two-Stream Forward Model
[7] Pinty et al. [2006a] developed and validated a new version of a two-stream model suited for the simulation of solar radiant fluxes scattered by, transmitted through and absorbed in a vegetation canopy made up of bi-Lambertian leaves, possibly exhibiting a preferred orientation. The biLambertian leaf scattering property is such that the fraction of radiation that is not absorbed is scattered as a cosine distribution around the leaf normal vectors. The top and bottom boundary conditions are specified by the downwelling direct and diffuse radiant fluxes and the albedo of the background, respectively. This model is constructed from dedicated solutions to three separate problems involving 1) the scattering by the vegetation layer only, identified as the black-background contribution, 2) the flux transmitted directly through the vegetation layer involving only the background, that is the black-canopy contribution and finally 3) the contribution to the upward and downward scattered and transmitted fluxes involving multiple interactions between both the vegetation layer and its underlying background. Specific efforts were made to minimize the computational burden associated with the implementation and maintenance of this scheme in host models such as climate and numerical weather prediction models.
[8] This 1-D model provides a solution to the black background problem which follows the two-stream formulation established originally by [Meador and Weaver [1980] . It ensures the correct balance between the scattered, transmitted and absorbed radiant fluxes for structurally homogeneous as well as heterogeneous canopies provided that, in the latter case, effective instead of true state variables are adopted. Indeed, as demonstrated by Pinty et al. [2004a, section 3.3] , a solution to a 3-D flux problem satisfying the conditions imposed by a ''radiatively independent volume'' can always be achieved using a 1-D representation, but at the cost of parameterizing the true state variables. It thus implies that scattered flux quantities or albedos derived from medium resolution sensors can be interpreted in inverse mode with a 1-D model to partition the radiation between the vegetation and soil layers. The performance of this 1-D model to generate accurate fluxes has been established against solutions delivered by 3-D Monte-Carlo models under standard and extreme environmental conditions including conservative scattering [see Pinty et al., 2004a; Widlowski et al., 2006] .
[9] These effective variables are, a spectrally invariant quantity, namely the Leaf Area Index (LAI) and, spectrally dependent parameters that are the leaf single scattering albedo w l = r l + t l and the ratio d l = r l /t l (identified here as the asymmetry factor) where r l and t l correspond to the leaf reflectance and transmittance, respectively. The albedo of the background, r g , is itself defined as the true (by contrast to effective) value and retrieved as such. The effective LAI value expresses the capability of the vegetation layer to intercept direct radiation, and is thus associated with the probability distribution function of the canopy gaps. This quantity is generally measured in the field with standard optical devices [e.g., Rich, 1990; Gower and Norman, 1991; Jonckheere et al., 2004] . Accordingly, the two main parameters controlling the flux partitioning, i.e., the effective LAI and the true background albedo, can be estimated from in situ measurements and this offers a practical means to evaluate the quality of the retrievals delivered by the inversion procedure.
Formalism of the Inverse Problem
[10] We adopted a rather generic formulation of the inverse problem [e.g., Tarantola, 1987; Enting et al., 1995] in which the solutions combine all available information, i.e., the prior knowledge on the PDFs of the model parameters X, the measurements d (here the remote sensing derived surface albedo values), and the constraint provided by the model M(X) (e.g., the two-stream model outlined in section 2.1). These solutions are delivered as an approximate characterization of the PDFs of the retrieved model parameter values. Under some regularity assumptions [Pinty et al., 2007, section 2.2] , these solutions derived in the space of the model parameters can be approximated by a multidimensional Gaussian PDF:
where X post represents the mean of P(X), C Xpost is the covariance matrix of the posterior uncertainties on the retrieved model parameters. The diagonal elements of this matrix are given by the variances s Xpost 2 of the marginal PDFs along each model parameter axis. Its off-diagonal elements are covariances quantifying the bindings in the uncertainties on retrieved model parameters. The superscript T denotes the matrix transpose operator. X post is the location in the space of model parameters which minimizes the cost function J(X) expressed as follows:
where C d is the covariance matrix of uncertainties in the measurement set, which also accounts for the uncertainty due to model error, and C Xprior is the Gaussian uncertainty matrix associated with the prior knowledge on the model parameters, i.e., the PDFs of the prior values. The posterior uncertainties on the model parameters are estimated from an analysis of the curvature of J(X) and the covariance matrix C Xpost is further exploited to estimate the PDFs of the radiant flux quantities that the model M(X), i.e., the twostream model in this application, is able to simulate. The PDFs of all the radiant fluxes that can be simulated by the model are approximated by the Gaussian PDF with mean M(X post ) and covariance of uncertainties (assuming a perfect model) given by:
where G denotes the Jacobian matrix of M(X) at minimum, i.e., G = @M(X post )/@X with a linearization around the mean values X post . In practice, the compiler tool Transformation of Algorithms in C++ (TAC++) [Giering and Kaminski, 1998 ] available from FastOpt http://www.FastOpt.com/) has been used to generate the software for the adjoint, tangent linear and Hessian codes of the cost function J(X). Information regarding the computer efficiency of the JRC-TIP are given by Pinty et al. [2007, section 3] .
Measurement Set
[11] The measurement set considered in the series of applications discussed in this paper essentially includes the two broadband visible (identified with subscript 1) and near-infrared (identified with subscript 2) surface albedo products associated with both the MODIS (collection 4) and MISR (collection 6 from version 17 of the operational processor) instruments on board the Terra platform. More precisely, those products are Bi-Hemispherical Reflectance (BHR) values that are intrinsic surface properties (this product is called 'white sky' albedo [Schaaf et al., 2002] ) and only those delivered with good confidence levels (Quality Assessment flag values of 0 and 1) are considered here. Surface albedo quantities similar to those from MODIS, i.e., broadband integrated BHRs, were generated from the MISR retrieved surface anisotropy parameters following the procedure outlined by Pinty et al. [2007, section 4] . Note, however, that due to the sequential time accumulation approach, the MODIS surface albedo products are representative of a 16-day period while the MISR products are derived from data acquisition at the time of overpass.
[12] The covariance matrix associated with these measurements, C d , is assumed diagonal and associated with the combined uncertainty in the measurements and model error.
Standard deviation values of 5% of the estimated values for the fraction of reflected spectral fluxes in the visible, R 1 , and near-infrared, R 2 , domains are specified in our baseline set up.
[13] Time series of these 1 km resolution remote sensing products available for year 2005 over instrumented forest sites (see, for instance, http://www.fluxnet.ornl.gov/ and http://www.carboeurope.org/) exhibiting a variety of vegetation phenological cycles (like those typically associated with high and midlatitude evergreen or deciduous needle and broadleaf forests) and the very likely occurrence of snow during the winter and spring seasons have been selected (see Table 1 ). All these sites sample a radiation transfer regime associated with a significant 3-D internal variability, of the leaf area density for instance, which finally controls the domain/pixel-averaged radiant fluxes [see Gobron et al., 2006 for detailed discussions].
Prior Knowledge on Model Parameters
[14] The specification of prior information on the model parameters transforms an ill-posed into a well-posed inverse problem (see equation (2)). Given that the objective of solving the inverse problem is to increase our current knowledge on the system on the basis of the observations included in the measurements set, the quality of the prior information must be evaluated and specified with great care: imposing excessively stringent conditions on the width of the PDFs of the prior parameters implies that little knowledge will be gained from the inversion, while setting too loose specifications translates into high posterior uncertainties.
[15] The strategy adopted here favors a generic set up of the prior values to limit the dependency with respect to specific land cover or biome types. It acknowledges 1) a rather limited knowledge on LAI, i.e., expressed by a large variance value equal to 25.0 on the diagonal of the covariance matrix, which may exhibit large spatial and temporal variability along the year, 2) an explicit correlation between samples of the soil albedo values in the visible and nearinfrared domains, usually referred to as the 'soil line' concept [see Chi, 2003 , for a review] that can vary in the presence of snow and, 3) the overall 'greenness' of the needles or leaves, i.e., relatively small values on the variance, in both the visible and near-infrared domains, associated with the mean values of the PDFs of the effective single scattering albedo. The corresponding mean values have been estimated from an ensemble of measured [Hosgood et al., 1995] and modeled [Jacquemoud and Baret, 1990] leaf optical properties; they were further modified to best account for the overall effects on the domain-averaged radiant fluxes, of needle clumping into shoots, shoots or leaves clumping into crowns as well as the presence of woody elements in the canopy [Rautiainen et al., 2004; Pinty et al., 2004a] . In the specific cases dedicated to the assessment of the contributions due to the 'green' elements of the canopy only, the inversion package is operated using prior values corresponding to the socalled 'green' leaf scenario.
[16] Table 2 indicates the mean values X prior (estimated after spectral weighting by the extra terrestrial solar irradiance for the spectrally dependent parameters) and associated standard deviations s Xprior used to set the diagonal of the prior covariance matrix C Xprior at wavelengths l 1 and l 2 corresponding to the broadband visible and near-infrared spectral domains, respectively. The level of correlation imposed on the uncertainties of the background albedos are given as footnotes of Table 2 .
[17] Figure 1 provides a graphical representation of this prior information on the spectrally variant parameters, namely the leaf single scattering albedo and the background conditions. The mean values are identified by the crosses and the ellipses encompass the 1.5 s uncertainty regions of the corresponding PDFs [Lavergne et al., 2006, appendix G] . Measurements of a variety of leaves and needles, bare soils and snow are also reported with different symbols. It is noteworthy that the spectral relationship between the mean soil albedo values changes drastically with the occurrence of snow. Indeed, in the latter instance, the visible values exceed those estimated in the near-infrared domain, thus displaying the straightforward signature of such events. Note that the prior knowledge adopted in presence of snow has been established using a linear weighting of pure snow and relatively dark bare soil fractions. Uncertainties on all model-parameters are pairwise uncorrelated except for the background albedos. Correlation values for the latter are listed in Table 2 .
[18] The inversion also makes use of the operational MODIS snow cover product. Depending on the value of this snow indicator, the inversion is performed with different sets of background albedo conditions, switching from bare soil to snow-like conditions (see Figure 1 ). All inversions were performed in static mode at a single time of observation (representative of the 16-day MODIS accumulation time period), i.e., without coupling in the temporal domain. The MODIS snow product, identified as MOD10A2 (version 4), corresponds to a 8-day composite period (see, for instance, http://nsidc.org/) and is based on a set of criteria using the Normalized Difference Snow Index [Hall et al., 1998 ]. This information is delivered at 500 m spatial resolution and, in the present application, the products were thus re-mapped using a nearest neighbor technique for all studied sites. The same re-mapping technique was used for the 1 km resolution MODIS and MISR surface albedo values.
Results
[19] The flexibility and potential offered by the inversion package outlined in the previous section allows us generating a large amount of internally consistent information. The results reported here have been selected to illustrate and document the performance of the JRC-TIP in various instances. The figures shown in this section exhibit the values of model parameters retrieved after inversion, whenever they are physically meaningful, i.e., within the domain defined by their possible range of variations (between 0 and 1, for instance). In the few cases when the inversion leads to negative posterior values, these results are ignored, because they obviously indicate that the information in the priors, the observations, and the model are inconsistent.
[20] The first subsection analyses the temporal variations during year 2005 of the retrieved 2-stream model parameters and the fluxes absorbed in the vegetation and the Table 1 ). On all these figures, the MODIS values are reported on day 8 of every 16-day period while the MISR values are associated with day 4 of every 8-day period. Overall, the two sets of products appear to be in good agreement, including when snow has been detected (identified by triangles on top axes), although the algorithms selected to generate these two sets of albedo values are significantly different. More detailed investigations reveal, however, that the MISR-derived values, in both the visible and near-infrared domains, tend to be slightly higher, roughly 5 to 10% in relative terms (depending on the location), than those estimated from MODIS. These limited, although not always negligible, spectral differences and their causes have been already documented and discussed in the literature [see, e.g., Pinty et al., 2004b Pinty et al., , 2006b Lyapustin et al., 2007] .
[22] The intraannual variations in BHR values (top left panels) over the three selected sites are dominated by the occurrence of snow events at the beginning and end of the year. Under such conditions, and as expected, the values in the visible domain increase dramatically and reach a level close to or even higher than those estimated in the nearinfrared domain. This leads to spectral observations inverted with respect to those prevailing in the absence of snow and/ or when vegetation cover and density evolve in the course of the year according to vegetation phenology Figure 5 ]. In the vast majority of cases, the occurrence of snow provided by the MODIS indicator, is associated with large visible surface albedo values. A noticeable exception to this relationship is observed in mid-February over YAKUTSKspas where high surface albedos from MISR and MODIS suggest the presence of snow while the MODIS indicator, after re-mapping at 500 m resolution, reveals the occurrence of cloudy conditions instead.
[23] Over all studied sites, the time series in effective LAI (top right panels) exhibit smooth variability, as can be expected from the dominant vegetation type and cover, and, consequently, show that the inversion scheme is able to properly account for drastic changes in the measurement sets due to snow occurrences and associated melting events. The amplitude of the seasonal cycle over the evergreen needleleaf site NSAOBS is quite limited (see top right panel in Figure 2 ). By contrast, the seasonal variation is quite smooth for deciduous forest systems (see top right panel in Figures 3 and 4) and effective LAI values remain realistic even in the presence of snow. The very large unrealistic LAI values retrieved in mid-February over YAKUTSKspas are a consequence of assigning too much importance to prior information on the background spectral properties that probably turns out to be false, snow covered versus snowfree conditions. In this particular case, the MODIS snow product indicates the probable presence of clouds and the large retrieved LAI values are masking the background spectral signatures to compensate for the low background reflectance (prior values in the absence of snow). Note that relaxing the constraints on the background properties, i.e., increasing the variances in the prior covariance matrix, would, in this case, be appropriate to avoid such unrealistic changes but would also cause the uncertainties on all the retrievals to increase quite significantly. As discussed by Pinty et al. [2007, section 4] and given that only two spectral BHRs are available in the measurement set d, the inversion returns large LAI uncertainties when LAI takes values larger than approximately unity (see top right panel in Figure 4 ). By contrast, one can notice that LAI is retrieved quite accurately in presence of snow since, in this condition, the forest background albedo takes on spectral values whose combination in the visible, near-infrared plane indeed facilitates the estimate of LAI.
[24] Variations in the background albedo values (middle left panels) are roughly mirroring those observed in the surface albedo but with a larger spectral contrast when snow Figure 3 ), the differences between the MISR and MODIS derived surface albedo products translate into distinct sets of background albedo values, with MODIS values being lower than the corresponding ones from MISR. It thus looks like the slight bias mentioned earlier at the level of the surface albedo products translates into different solutions regarding the retrieved background properties. In general, retrievals based on MODIS products suggest darker (relatively low albedo values) and less green (relatively limited spectral contrast) forest understory than is the case Lavergne et al. [2006] . It is, however, interesting to observe that under favorable conditions, i.e., when the uncertainty on the posteriors is smaller than that on the priors, the maximum likelihood of the single scat- tering albedo values differ among the various studied sites: a small reduction in the visible domain only over NSAOBS, METL (not shown) and YAKUTSKspas, a reduction in both spectral domains over CHEQCenter, a reduction in the visible associated with an increase in the near-infrared domain over HESSE (not shown) and Harv (not shown). These seasonal signals appear to be associated with the dominant vegetation type, e.g., evergreen versus deciduous forest systems. In the particular case of the mid-February albedo measurements over YAKUTSKspas underscored earlier and which generated unrealistically high LAI values with rather inaccurate background albedo estimates, the JRC-TIP also returned extremely high single scattering albedo values in the visible domain in order to fit the observations. Although this particular measurement set is not properly interpreted due to the use of inappropriate prior knowledge, it permits us to further document the behavior of the inversion package and to illustrate the impact of inaccurately setting the elements of the prior covariance matrix. In these cases, the retrievals are strongly penalized and the inversion package returns rather large values of the cost function (equation (2)).
[26] The fraction of solar radiation absorbed by the background, A bgd (l), is simply estimated as the fraction of the incoming radiation which is neither reflected by the complex surface (soil background and canopy) nor absorbed in the vegetation layer:
Figure 5. Time series of the fraction of absorbed radiation in vegetation by 'green' material only in the visible domain (FAPAR) delivered by the JRC-TIP (right panels) and those generated from major operational products (left panels) for the sites identified as NSAOBS, YAKUTSKspas and HESSE (see Table 1 ). The red, blue, green and violet colors are for the MODIS 8-day composite, the daily MISR, the daily JRC-SeaWiFS and MERIS operational products, respectively. Triangles on the top axis mark snow events.
where A veg (l) and BHR sfc (l) are the fractions of radiation absorbed in the vegetation layer and scattered by the surface at the top of the canopy, respectively. T veg (l) is the total (direct + diffuse) transmission factor of incoming solar radiation, and r g (l) is the soil background albedo. In the visible domain, this transmission factor is predominantly controlled by the direct/uncollided contribution that is, in fact, the extinction associated with the effective LAI values. The fluxes corresponding to A bgd in the visible domain are shown on the bottom right panels of Figures 2, 3 and 4. The fluxes are varying seasonally in concert with LAI. In the near-infrared domain (not shown here), the temporal variations are somewhat dampened given that the relatively enhanced scattering by the leaves/needles with increasing LAI partly compensates for the reduction of direct radiation reaching the background: typical values over the seasons are in the range of 0.7-0.8, 0.5 -0.8 and 0.2-0.6 over sites identified as NSAOBS, YAKUTSKspas and CHEQCenter, respectively.
Comparison of FAPAR Time Series From Different Sources
[27] Figure 5 compares, for the sites identified as NSAOBS, YAKUTSKspas and HESSE (see Table 1 ), the FAPAR time series delivered by the JRC-TIP (right panels) to operational products available from major agencies (left panels), with omission of their expected uncertainty ranges for sake of readability of the figure. The posterior twostream model parameter values used to estimate the FAPAR are those retrieved using the 'green' leaf scenario (see Table  2 ) and these mean values (full circles) are shown here for an isotropic diffuse solar irradiance, together with the standard deviations (vertical bars) associated with the PDF of the retrieved values inferred from the posterior covariance matrix. The operational FAPAR products (left panels) correspond to the MODIS 8-day composite (red crosses) [Myneni et al., 2002] , the daily MISR (blue crosses) ], the daily JRC-SeaWiFS (green crosses) [Gobron et al., 2006] and the daily MERIS (violet crosses) [Gobron et al., 1999 products, respectively. This figure reveals that:
[28] 1. Time series of the FAPAR values estimated from the JRC-TIP (right panels) exhibit smooth variability (by contrast to those characterizing the input albedos), as expected from the dominant vegetation types and covers. This demonstrates that our procedure is able to seamlessly account for drastic changes in the surface albedo measurement sets due to snow related events in the winter and spring seasons.
[29] 2. The observed differences between the MODIS versus the MISR based results of the mean values are attributed to the slight differences in the input BHR albedo values. In the vast majority of cases these differences remain within the uncertainty range of our estimates.
[30] 3. The amplitude in the seasonal variation, as retrieved from the JRC-TIP considering 'green' elements only, over the evergreen needleleaf NSAOBS site is quite limited and the FAPAR values remain within approximately 0.10 and 0.40. The seasonal changes observed at other locations correspond to the variations expected to occur over deciduous sites, with a decidedly larger amplitude in the case of the broadleaf, (0.2 to 0.9) compared to the needleleaf site, (0.0 to 0.5).
[31] 4. The FAPAR values retrieved by the JRC-TIP using the MODIS and MISR albedos are in remarkable agreement with those delivered by the MERIS (violet crosses) operational processor as well as those generated from SeaWiFS (green crosses) using the JRC-FAPAR algorithm. The differences between the FAPAR estimated under diffuse irradiance (right panels) and those estimated at the Sun angle prevailing during the MERIS/SeaWiFS acquisitions were found to be negligible, in fact falling well within the uncertainty range of the retrievals, for the studied sites. A closer investigation of the MERIS daily operational product for HESSE in the summer 2005 season reveals that the unrealistic low values are associated with local clear sky conditions occurring in the middle of large cloud systems which are probably contaminating the estimates.
[32] 5. The FAPAR values generated by the operational MODIS (red crosses on the left panels) processor exhibit a rather large and probably unrealistic intraannual variability with 8-day composite values ranging, for instance, from about 0.1 to 0.9 over the evergreen needleaf site of NSAOBS. The seasonal amplitude is about twice larger than the one derived in this study in the case of the deciduous needleaf site of YAKUTSKspas. The large temporal variability observed at the beginning and end of the year over HESSE is not credible and this contrasts quite strongly with the reasonable smooth variations derived here.
[33] 6. The values delivered by the MISR (blue crosses) operational processor also exibit a large temporal variability, including rather abrupt rises to high values in spring that can hardly be linked to any known biophysical process in such vegetation types. Moreover, the operational algorithm seems to deliver fewer FAPAR values than is currently returned, with documented uncertainties, by the JRC-TIP, for instance over the site of YAKUTSKspas.
[34] The comparison of FAPAR (and LAI) values delivered by the JRC-TIP when switching the priors from the baseline to the 'green' leaf scenario permits us to evaluate the contribution to the absorption process that is due to the 'non-green', probably woody, elements of the canopies. Such a comparison, which can be performed visually (bottom left panels on Figures 2 and 3 against right panels on Figure 5 ) over the evergreen (deciduous) needleleaf site of NSAOBS (YAKUTSKspas), confirms that the absorption by 'green' elements alone in the visible domain underestimates the total absorption by an amount which, although generally small, is depending on the dominant vegetation type and LAI values.
Comparing JRC-TIP Retrievals Based on MODIS and MISR Albedos
[35] Figure 6 displays the comparison between the MODIS and MISR LAI values derived with our inverse package (top panels with log scale axes), the fraction of absorbed flux in the vegetation layers (middle panels) and the ground layers (bottom panels), respectively, for the six sites listed in Table 1 and identified here with a color code. The latter two fluxes are those corresponding to perfectly isotropic illumination conditions. The left (right) panels show results obtained using low (high or 'green' like scenario) constraints on the effective single scattering albedo (see Table 2 ). The 1s uncertainty range associated with these retrievals is featured as dotted lines. Figure 6 . Comparison of the JRC-TIP retrievals using MODIS and MISR visible (full circles) and nearinfrared (full squares) BHRs. The left and right hand panels show results obtained using low (see Table 2 ) and high ('green') constraints on the effective single scattering albedos. Different colors correspond to different sites. The dotted lines indicate the 1s uncertainty range associated with these retrievals. [36] The two noticeable outcomes from this figure relate to 1) the very good agreement between these retrieved products when applying the JRC-TIP algorithm to the MODIS and MISR albedos over a large ranges of conditions and 2) the significant reduction in uncertainties, i.e., smaller variance values along the diagonal of the covariance matrix, associated with these estimates when adopting the 'green' leaf scenario (right panels). The retrievals deviating most from the one-to-one lines are usually associated with a significant probability of contamination by partly cloudy conditions, e.g., over Harv and HESSE in the summer season, and/or the confusion between snow and cloud occurrence at high latitude locations in winter and spring seasons. An additional source of deviations between the two series of retrievals is caused by differences in the spectrally integrated albedo measurement sets. It is noteworthy that the MODIS albedo values, derived from an algorithm based on sequential accumulation, are associated with 16-day periods unlike those instantaneous from MISR which are thus valid for one specific day within a given 16-day period.
[37] The good agreement between the JRC-TIP based estimates of the ground flux derived from MODIS and MISR is especially noticeable given that this latter flux incorporates joint assessments of the radiation transmitted through the vegetation canopy layer and the albedo of the background. It thus appears that any remaining differences and biases between the MODIS and MISR albedo values may only mildly impact (in the sense that the differences in the mean PDF values remain within the 1s estimated uncertainty) high level flux products such as, for instance, the absorbed flux in the ground.
Conclusions
[38] This series of examples, addressing rather difficult geophysical situations such as those associated with snow events in tall vegetation canopy environments, illustrates the potential for deriving consistent sets of surface products (both state variables and fluxes) across different space platforms, e.g., the FAPAR values derived from the Terra albedo products and the MERIS/SeaWiFS instruments. It was shown that, in addition, the availability of a snow indicator is beneficial to the analysis of products generated under winter and early spring seasons, especially at high latitudes. The high level of consistency found between these fluxes is promising for future applications and suggests the design of integrated systems capable of assimilating a variety of sources of information on land surfaces.
[39] The capability of our inversion procedure to account properly for the temporal changes in the radiative properties of forest backgrounds while maintaining smooth temporal profiles in LAI has been demonstrated. The background albedo values are capturing most of the variations observed in the surface albedo at the top of the canopy but with a larger spectral contrast under occurrence of snow, i.e., the visible values get much larger than those retrieved in the broadband near-infrared domain. This ensemble of results illustrates our ability to separate the radiation transfer processes controlling the relative contributions of the vegetation layer and its background.
[40] These results also suggest that the slight differences existing between the input MODIS and MISR surface albedo values do not generally translate into significantly discernible signatures on major parameters such as the effective LAI and the fluxes absorbed in the vegetation layers and the underlying backgrounds. In all cases studied here, the time series of the retrieved parameters and fluxes are smooth (except under a few specific but well-documented instances); they exhibit much less variability than those generated by the operational MODIS and MISR algorithms. This finding confirms results from the earlier investigation conducted by Pinty et al. [2007] over locations characterized by vegetation types different from those considered here.
[41] It is worthwhile emphasizing that the JRC-TIP fulfills the stringent requirements imposed by operational processing, including reliability, robustness and computer efficiency. Its implementation remains quite flexible and allows its operation using various sets of input measurements, e.g., albedo and FAPAR flux values, either jointly or one at a time. Further efforts will be addressing 1) the evaluation of the retrievals, for instance by assessing albedos and transmitted fluxes over selected instrumented sites and 2) the assimilation of remote sensing flux values in a time-dependent approach which should help to further reduce the uncertainties in the retrievals.
